Objective: The aim of this study was to compare anatomic results after vaginal uterosacral ligament suspension with absorbable versus permanent suture.
I
n the United States, the lifetime risk of undergoing a surgical procedure for pelvic organ prolapse (POP) or urinary incontinence is 20% by 80 years of age. 1 Currently, multiple surgical options exist for treatment of symptomatic POP. Vaginal uterosacral ligament suspension (USLS) is a common, nonmesh procedure for apical prolapse that was initially described by Shull et al. 2 Reported rates of success vary based on definition and length of follow-up, but range from 81.2% to 87.1% for the anterior compartment and 89.7% to 98.3% for the apical compartment. 3, 4 It is a well-tolerated procedure, with the most common complications being ureteral occlusion and sensory neuropathy with reported rates from large data sets of 1.8% and 6.8%, respectively. 3, 5, 6 The initial description of this procedure involves the utilization of 2 permanent polyester sutures and 1 delayed absorbable polydioxanone suture, 2 but there have been multiple reiterations of the surgical procedure with interest in balancing risks of complications with a durable repair. 4, [7] [8] [9] Ideally, the procedure would not require permanent material, but it is unclear from the reported literature if the use of permanent suture affords improved surgical outcomes. [7] [8] [9] Furthermore, if using only absorbable suture, the standard number of sutures is also uncertain, as anywhere from 2 bilaterally to 4 bilaterally have been described. 2, 7, 8 Our institution has longstanding familiarity with use of a single, bilateral absorbable suture along with the use of a mix of permanent and delayed absorbable sutures for vaginal USLS. 10 Previous studies have suggested that anatomic failure is not higher in those patients who have undergone suspension without permanent suture. 7, 8 The objective of this study was to compare anatomic results after vaginal USLS with absorbable versus permanent suture in patients with medium-term surgical follow-up.
MATERIALS AND METHODS
We performed a retrospective cohort study of women who underwent vaginal USLS for either uterovaginal prolapse or posthysterectomy vaginal vault prolapse, from January 2006 to September 2015, at 1 academic medical center. After institutional review board approval was obtained, subjects were identified by their Current Procedural Terminology code for intraperitoneal colpopexy (57283) using institutional software that queries systemwide diagnosis and procedural codes. All subjects with uteri also underwent concomitant vaginal hysterectomy. Other concomitant transvaginal POP procedures or anti-incontinence surgery with midurethral sling were recorded. Subjects were excluded if they underwent extraperitoneal colpopexy (ie, sacrospinous colpopexy), uterine hysteropexy, or any laparoscopic prolapse procedures. Our study population included only those with medium-term followup, which we considered to be a pelvic examination with Pelvic Organ Prolapse Quantification (POP-Q) staging 11 between 3 months and 2 years after surgery. During the designated study period, many subjects receiving USLS were also participants in published randomized studies such as the OPTIMAL, 4 OPUS, 12 and SU-PER 13 clinical trials. As such, these participants underwent research study visits with POP-Q examinations at regular intervals. We compared 2 USLS groups: (1) absorbable suture only (any absorbable USLS suture) compared with (2) any permanent suture (any permanent USLS suture, even if accompanied by absorbable USLS suture). Our primary outcome was composite anatomic failure defined as (1) recurrent prolapse in any compartment beyond the hymen (POP-Q point Ba, Bp, or C >0) or (2) retreatment for prolapse with either surgery or pessary.
We reviewed medical records and collected data regarding demographics, medical and surgical history, concurrent procedures, suture material and number of sutures used for USLS, perioperative complications, POP-Q examinations, and length of follow-up.
Perioperative complications were defined as events that occurred within the 12-week postoperative period. All data were extracted via manual chart review and included a detailed review of operative notes, as well as postoperative visits up to the last day of follow-up present in our electronic medical record system. Ureteral complication was defined as either (1) transient obstruction of the ureter, relieved with removal of suspension suture, or (2) concern for ureteral injury requiring placement of ureteral stents. These were rare complications and therefore combined for analysis. Urinary tract infection (UTI) was recorded if a patient developed symptoms of bacterial cystitis within 12 weeks of surgery. Culture-proven UTIs, as well as symptomatic UTIs resulting in empiric treatment without cultures, were recorded.
Uterosacral ligament suspension procedures were performed based on the attending surgeon's preferred technique regarding suture material. Over the course of the study period, there were 6 fellowship-trained reconstructive surgeons with a consistent vaginal approach per techniques described in the literature. These techniques use sutures placed in the intermediate uterosacral ligament, at or cephalad to the ischial spine, which are affixed to the vaginal apex, typically considered a "high" USLS. 2, 5 Of the 6 surgeons' clinical practice, 2 always utilized absorbable suture, 2 always utilized permanent suture, and the other 2 had evolving practice patterns over time. In addition, over the course of the study period, our academic site participated in the OPTIMAL, 4 OPUS, 12 and SUPER 13 trials. Participants in OPTIMAL 4 and SU-PER 13 trials were required to have their USLS performed with 1 absorbable suture and 1 permanent suture bilaterally; therefore, surgeon practice pattern may have been altered. Participants enrolled in the OPUS 12 trial did not have specific requirements with regard to suture type for suspension.
Data analysis was performed with SPSS Statistics version 22.0 (IBM, Chicago, IL). Continuous variables were analyzed using the Student t test or Mann-Whitney U test as appropriate, and categorical variables were analyzed using χ 2 or Fisher exact tests. Bivariate analyses were conducted to determine relationships between variables and risk of failure, followed by multivariable logistic regression to adjust for potential confounders. In the full model, we included known a priori risk factors for prolapse, significantly different baseline characteristics between our 2 cohorts, and variables that were significant in bivariate analyses. We then conducted a stepwise variable selection procedure to identify the model that best fit the data.
All tests were considered significant at an α of 0.05. We used a convenience sample of patients undergoing vaginal USLS during the specified time frame. The medium-term risk of anatomic failure after USLS is reported to be 15% to 20% in multiple prior studies. 3, 4 With our sample size, difference in group numbers, and a significance level of 0.05, we had 80% power to detect a 2-fold difference in proportions of anatomic failure, assuming a 20% medium-term recurrence risk.
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RESULTS
We identified 242 women who underwent USLS during the study period with medium-term follow-up. Most patients were white (86.0%), were overweight with an average body mass index (BMI) of 27. Of the overall study population, 188 (77.7%) of 242 women underwent USLS with only absorbable suture, and 54 (22.3%) of 242 underwent USLS with either solely permanent or a combination of permanent and absorbable suture. In the absorbable group, 68 (36.2%) of 188 received only polyglycolic acid (Polysorb) suture, and 120 (63.8%) of 188 received only polyglyconate delayed absorbable (Maxon) suture. Of the permanent suture group, 46 (85.2%) of 54 received a combination of polypropylene (Prolene) and polyglyconate (Maxon) suture bilaterally, 2 (3.7%) of 54 had only polypropylene (Prolene), 5 (9.3%) of 54 had Gore-Tex, and 1 (1.8%) of 54 had polyester (Ethibond). Importantly, 174 (92.6%) of 188 of the absorbable group had only 1 USLS suture placed bilaterally. Of the permanent group, 45 (83.0%) of 54 had 4 total sutures, and 9 (16.7%) of 54 had less than 4 total sutures.
The most common concomitant procedures were as follows: midurethral sling, 35/242 (14.5%); anterior colporrhaphy, 188/ 242 (77.7%); and posterior colporrhaphy/perineoplasty, 81/242 (33.5%). In the overall cohort, there were 5 cystotomies (2.1%) either from the prolapse repair or trocar passage during midurethral sling placement. There were 6 patients (2.5%) who had suture removed intraoperatively because of concern for ureteral kinking or ureteral injury, and 4 (80%) of 5 were replaced.
Baseline differences in our 2 cohorts are summarized in Table 1 . Compared with the absorbable suture cohort, the permanent suture cohort was more likely to have had advanced preoperative prolapse (77.8% vs 59.2%, P = 0.01), less likely to have had a prior hysterectomy (5.6% vs 21.8%, P = 0.01), and less likely to have undergone a concomitant posterior colporrhaphy/perineoplasty (16.7% vs 38.3%, P < 0.01). Because of clinical practice in the study period, the absorbable group had a lower median number of sutures placed for USLS (2.0 vs 4.0, P < 0.01). Postoperatively, there were no differences between groups in terms of presence of granulation tissue, postoperative UTI, or need for postoperative removal of USLS suture for pain or persistent suture erosion. There were some patients in each group who did not have initial 12-week follow-up, which precluded comment on postoperative complications (4/188 [2.1%] in the absorbable group vs 1/54 [1.9%] in the permanent group). However, these patients had subsequent follow-up in the 3-month to 2-year time frame, allowing their inclusion in the primary outcome analysis of composite failure.
Composite anatomic failure occurred in 43 (17.8%) of 188 women. There were no differences in composite failure, anatomic failure, compartment of failure, or reoperation between our groups based on suture type (Table 2 ). However, in bivariate analyses, we identified an increase in composite failure in patients who had advanced preoperative prolapse (21.9% vs 11.5%, P = 0.04). In our initial multivariable regression analyses, we included the following covariates in our model: age, BMI, diabetes, preoperative advanced prolapse, prior hysterectomy, and concomitant anterior and concomitant posterior colporrhaphy or perineoplasty. After stepwise variable selection, our final model included only the following covariates: preoperative advanced prolapse, prior hysterectomy, and concomitant anterior and concomitant posterior colporrhaphy/perineoplasty (Table 3) . In our final model, there remained no differences in composite anatomic failure between permanent and absorbable suture groups (adjusted odds ratio [OR], 1.11; 95% confidence interval [CI], 0.49-2.51; P = 0.79).
In this same model, advanced preoperative prolapse (adjusted OR, 2.23; 95% CI, 1.01-4.95; P = 0.04) and prior hysterectomy (adjusted OR, 2.57; 95% CI, 1.13-4.95; P = 0.02) were associated with increased odds of composite failure. Because 92.6% of the absorbable cohort had a single suspension suture bilaterally, the total number of sutures was highly correlated with suture type, with a Spearman correlation of 0.78 (P < 0.01), and we did not include suture number as a variable in our model. Given the variable follow-up times between our groups, we performed a Kaplan-Meier survival analysis (Fig. 1) . Based on the log-rank test, there were no significant differences in prolapse recurrence between the absorbable and permanent suture groups (P = 0.61).
Finally, we performed a subset analysis among patients in the absorbable cohort. There was a similar amount of composite failures when the suspension was performed with polyglycolic acid (Polysorb) suture as compared with polyglyconate delayed absorbable sutures (Maxon) (10.1% Polysorb vs 21.0% Maxon; P = 0.06).
DISCUSSION
In our retrospective cohort study, there were no differences in anatomic outcomes or reoperation in women who underwent vaginal USLS with solely absorbable sutures compared with those where permanent sutures were included. In the medium term, the risk of surgical failure was 17.8% based on our composite anatomic outcome definition. In a multivariable regression analysis, when controlling for potential confounders, absorbable suture was still not significantly associated with increased odds of failure, even though more than 96% of the procedures performed with absorbable suture were also performed with only 1 suspension suture bilaterally.
The strengths of our study include the large study population with consistent surgical techniques performed over a 9-year study period. Our cohort study also benefits from detailed preoperative and perioperative information. The serial postoperative anatomic data with POP-Q examinations provide objective data for which to develop our composite outcome. We used a rigorous definition of anatomic failure that is supported by the literature as it has been established that symptoms are less likely with prolapse at or above the hymen. 16 Lastly, given that a large proportion of study patients had their suspension performed with a single absorbable suspension suture bilaterally, this significantly adds to the literature because this modification has not previously been described. We had a higher incidence of advanced preoperative prolapse and uterovaginal prolapse in the permanent suture group, which could lead to limited generalizability of our results. As participants were required to have prolapse past the hymen to be included in OPTI-MAL 4 or SUPER, 13 we propose that this is the driving factor behind the presence of more advanced prolapse in the permanent suture group. Importantly, the choice of suture was either by surgeon practice or due to the standardized requirements of a clinical trial and was not influenced by the presence or other patient factors. Regardless, we applied a rigorous multivariable model to our primary outcome to control for these factors.
Our data are limited by our retrospective, single-institution approach. These data could be skewed by follow-up bias toward higher recurrence, given that patients who are doing well are not as likely to return for follow-up over the long term. The median time of follow-up among this cohort was slightly less than a year, but as polyglyconate suture and polyglactin suture are completely absorbed by 6 and 2 months, respectively, 17, 18 one would expect an increase in early failures in the absorbable group if they were to occur. There was an apparent drop-off in the absorbable suture group survival curve after 600 days of follow-up, but this is likely due to small numbers of patients with longer follow-up and censoring. Longer-term studies are needed to comment on the longevity of repairs with solely absorbable suture for USLS. Although our cohorts were not balanced in size (eg, 188 in the absorbable group vs 54 in the permanent group), we were powered to detect a 20% difference in anatomic failure accounting for this difference. Future studies incorporating more patients in the permanent suture arm would allow for increased power to detect a smaller difference in failure between groups. Although we can suggest general satisfaction levels in the postoperative period, we do not have data from standardized postoperative symptom questionnaires, and therefore, another limitation to our data is the lack of rigorous subjective measures from which a true composite outcome could be assessed.
Overall, our specific apical and anterior compartment failures were 0.8% and 13.6%, respectively, which is consistent with the reported rates in the literature of upward of 4.9% and 22.9%, respectively. 3 In our cohort, postoperative complications, including erosion of permanent suture and suture removal for pain, occurred at similar or lower frequency to what is reported in the current literature. 19 There is a possibility that we have underreported these complications if patients sought care elsewhere in their postoperative course, which is a limitation of a retrospective study design. Ureteral occlusion 20 and postoperative pain 21 are the most common adverse events experienced by women undergoing USLS. Although a number of sutures and suture type have not necessarily been correlated with an increased risk of ureteral kinking 19 or pain, our overall lower number of suspension sutures may be a reason for our lower number of complications compared with what is reported in the literature.
In our logistic regression model, when controlling for other covariates, advanced preoperative prolapse and prior hysterectomy were found to be risk factors for composite anatomic failure. Advanced preoperative prolapse is a well-known risk factor for recurrent prolapse. 22, 23 Our data suggest that additional counseling may be warranted in regard to postoperative success in women with advanced prolapse and posthysterectomy vaginal vault prolapse if they are to undergo USLS, but this finding would need to be reinforced with prospective data.
Although the "high" uterosacral ligament was initially described using permanent suture, 2 use of absorbable suture has been associated 8 described their case series of USLS using 2 polyglyconate delayed absorbable suture bilaterally and report a composite failure rate of 7% at a median follow-up rate of 12 months specifically evaluating apical failure. Natale et al 24 described a series of 113 patients who underwent a USLS with 1 polyglactin suture bilaterally and reported similar apical success rates at 1-year follow-up. However, the vast majority of patients in their study also underwent insertion of an anterior polypropylene mesh during surgery; thus, this study does not truly speak to success rates after USLS without permanent material. 24 Other retrospective studies have suggested that permanent suture offers better anatomical support, as Chung et al 9 reported an increased rate of prolapse past the hymen in patients undergoing suspension with 2 to 4 polyglyconate sutures bilaterally as compared with polyester and polydioxanone sutures bilaterally. The mean follow-up time for these patients was less than 6 months, and the absolute rates of apical recurrence were very low (1% and 6%, respectively). Our data add to the current literature as there is a paucity of studies that describe USLS with a single, bilateral absorbable suspension suture, but comparative studies with randomization of groups and consistent, long-term surgical follow-up are needed.
In conclusion, in this cohort, completion of vaginal USLS using absorbable suture, even when a single suspension suture is placed bilaterally, affords similar anatomic outcomes in the medium term as compared with vaginal USLS with additional permanent suture.
